Reasons for performing study: Dehydration is a serious welfare concern in horses working in developing countries. Identification of a valid and practical indicator of dehydration would enable more rapid treatment and prevention.
Introduction
The skin tent test examines the delay in return of a fold of pinched skin to its normal position (Dorrington 1981) . Application of this test on the neck, point of shoulder or eyelid has been used for the clinical assessment of dehydration in sick animals and equine athletes (Harris et al. 1995 , Rose and Hodgson 2000 , Robinson 2003 ). Rose and Hodgson (2000) specified that the skin over the point of the shoulder provides more reliable results than that over the neck and described the duration of skin tent as proportional to the degree of dehydration (percentage loss of BWT) it represents. Some investigators have questioned the validity and repeatability of this test in sport horses (Harris et al. 1995) and in working horses and donkeys (Pritchard et al. 2006 (Pritchard et al. , 2007b . In particular, the 3-tier graded skin tent test used by Harris et al. (1995) was not a reliable indicator of environmental conditions or performance and individual horses showed marked differences in resting results between the left and right sides of the neck. Pritchard et al. (2006) found that for working horses and donkeys, an anatomically standardised skin tent test on the neck using a two-tier grading system (normal/ abnormal) could not be validated using PCV, TP and P osm sampled at a single point in time, due to the potentially confounding effects of anaemia, hypoproteinaemia and electrolyte depletion in the sample population.
The aims of this investigation were: 1) to measure longitudinal changes in PCV, TP, P osm , electrolytes, clinical signs and BWT during rehydration by provision of water to drink ad libitum, in order to establish a physiological gold standard criterion for dehydration in adult working horses; and On admission the following were recorded: body weight (BWT), using an electronic weighbridge (Eziweigh) 1 previously calibrated with known volumes of water; heart rate (HR); BCS; respiratory rate (RR); and rectal temperature (RT) using a digital thermometer. A jugular catheter was placed anterograde under local anaesthesia and the horse was then rested in the shade for at least 15 minutes prior to the first test.
Test protocol
A 20ml jugular venous blood sample was drawn at time point 0 and at 30, 60, 120, 180, 240 and 300 minutes. Ten minutes prior to each time point, the horse was removed from the pen, weighed three times and the average BWT recorded. A clinical examination was carried out, as described for the preliminary assessment. A vertical fold of skin was pinched and released using the standardised method described by Pritchard et al. (2006) . This was repeated at 10 second intervals 3 times each over the centre of m. serratus ventralis ('injection triangle'), m. brachiocephalicus and the point of the shoulder, repeated on each side of the animal (a total of 18 skin tents).
Time taken for the released skin to return to its normal contour was measured in 1/100ths of a second using a hand-held stopwatch. Ten seconds before the first skin tent test in each anatomical position, and then immediately after each one (10 seconds prior to the next one), the skin was smoothed once using the back of the hand: (a) to ensure that it had returned to its normal contour ready for the next pinch, and (b) to assess moisture of the hair coat at this location (see Table 1 placed on the mucosa for 10s and alternating sides of the mouth at each time point.
Preliminary testing had also shown that in the high ambient temperatures, rapid evaporation from the filter paper precluded the use of advanced weighing techniques to calculate amount of moisture absorbed, so a quantitative assessment of gum moisture was made by delineating the wet area immediately. This was later transferred to graph paper and the area of wet paper was calculated. Qualitative assessment of dryness and adhesion to the mucosa was scored as shown in Table 2 .
Drinking behaviour
The horse was returned to the pen and offered water at ambient temperature from a 30L plastic container, standing in a spill tray. The following components of drinking behaviour were observed for the first 10 minutes after returning to the pen: latency to first drink, number of broken (by raising the head above the bucket rim) and unbroken drinking bouts and average length of drinking bout. While the clinical examination was taking place, volume of water drunk (to the nearest 0.5L) since the previous time point was measured. Water was fully replaced each time in order to minimise effects of water temperature change on drinking behaviour. Water spilled during drinking and water evaporated from an identical container placed outside the pen were measured at each time point and these volumes were subtracted from the apparent volume drunk. 
Data analysis
Exploratory analysis showed most residuals to be Normally distributed; some parameters were log 10 -transformed to achieve this. First, repeatability of the skin tent test was evaluated using a general linear model (GLM) for repeated measures, to examine the effects of anatomical position, side of animal (left/ right), repetition number and coat moisture on skin tent duration. The Tukey post hoc test was used to test for differences between means. Based on these results, the most clinically relevant (first) skin tent was included in further repeated measures GLM taking into account anatomical location and side of animal as blocking variables. This examined its relationship to changes in clinical parameters (HR, BCS, mucous membrane tackiness), blood parameters (PCV, TP, P osm , electrolytes), BWT and water intake over the 7 time points, and to identify significant main effects and interactions. Effects 
Results
Animals recruited to the study are summarised in Table 3 .
Repeatability of the skin tent test within and between animals
Skin tent duration was affected significantly by age of animal, with older horses having a more prolonged skin tent at all time points than those aged two to five years.
Anatomical position, side of animal and coat moisture also had an effect on the duration of skin tenting: the magnitude and direction of these effects are described in Table 4 . There was no significant difference in duration between three repetitions of the skin tent test carried out 10 seconds apart at any anatomical location.
Drinking behaviour
Forty-nine of the 50 horses drank water immediately on entering the pen at time 0.
Water intake varied significantly over time: horses drank 8.3 (+/-1.0) L between 0 and 30 minutes, compared with a maximum of 1.3 (+/-0.2) L between other time points (F (5, 245) = 48.58, p<0.001). The maximum water intake between 0 and 30 minutes was 28L and the minimum was 0 L. There were no significant effects of environmental heat and humidity or water temperature on water intake. 
Blood parameters

Body weight and clinical parameters
Discussion
Body weight and blood parameters as a 'gold standard'
Evaluation of skin tent duration and other field measures of dehydration requires a 'gold standard' criterion against which to compare their validity (Bland and Altman 1999) . In working equids identifying this criterion has been an elusive goal for two reasons: firstly, the confounding effects of sub-clinical disease, excessive sweat electrolyte losses and poor nutrition on standard blood measures such as PCV, TP and P osm (Pritchard et al. 2006) , and secondly the lack of controlled conditions for accurate measurement of fluid losses. Carlson (1987) recommended measurement of body weight change as an indicator of dehydration. However, Marlin et al. (1995) described estimation of fluid losses from measurements of body weight in field situations as being subject to several errors; in particular, the inability to measure faecal and urinary losses. In the current study it was not possible to provide food measured accurately, or calculate fluid and faecal losses, so changes in BWT were not suitable criteria against which to validate other measures. After the predicted rise at 30 minutes, BWT fell by 60 minutes to below its value at time 0 and initial BWT was not regained by 300 minutes. This suggests that the weight of ongoing faecal, urinary and sweat fluid losses over the 5-hour period was greater than that of the water consumed.
Longitudinal measurement of PCV, TP, P osm and electrolytes resulted in a clearer understanding of their relationship with water intake and skin tent duration than was provided by the previous cross-sectional study (Pritchard et al. 2006) . 
Repeatability and validity of the standardised skin tent test
The major findings of this study were that the skin tent test, even when standardised in method and timed accurately using a stopwatch, was not repeatable between the right and left sides of the animal or between the three anatomical locations tested.
Changes in skin tent duration over time can not be attributed to changes in P osm or to volume of water drunk, as no significant associations between skin tent and measures of hydration status were found in this sample population. These results suggest that changes in skin tent may be attributable to changes in coat moisture, or to other factors such as the apparent effect of small differences in neck position and muscle (including panniculus) movement observed in the preliminary testing periods.
Coat moisture had a highly significant effect on skin tent duration.
Investigation of this factor was prompted by an observation, made during the preliminary testing period, that a normal (rapid) skin tent in dry horses became very prolonged (> 15 s) when the animals were suddenly soaked with rain. In the study, the absence of rain or water on the coat meant that no animals were scored WW;
however, the order of skin tent duration of DS< DD< DaS< WS suggested that coat moisture may affect skin tent in a graded manner. This could be due to an internal or external effect of sweat production on the elastic recoil of the dermis. A recent review of sweating in horses (Jenkinson et al. 2006) found that the myoepithelial cells of the equine subdermis appear contracted during sweating, and described the extrusion of cell vesicles and dead secretory cells, as well as large quantities of electrolytes, from the sweat glands of the dermis. Myoepithelial contraction and either loss of this secretion from dermal sweat glands, or its gain on the skin surface, could potentially affect skin recoil. However, this would not explain the effect of rain water seen in the pilot study. Harris et al. (2005) found skin tents to be longer on the right side of the neck than the left, but the laterality of the assessor was not described. There may be an additional effect of laterality on reaction times to operate the stopwatch which was held in the opposite hand to that used for pinching. Alternatively, where carts are driven on the left side of the road, as in Pakistan, a difference in muscle size and/or tension on the horse's left side could cause the asymmetry of skin tent duration seen in this study. Rose and Hodgson (2000) recommended the skin over the point of the shoulder as more reliable than the neck for detection of dehydration; however during rehydration of the horses in the current study, no change in skin tent duration occurred at this location. The finding that skin tent was longest over m. serratus ventralis, followed by m. brachiocephalicus and shortest, with least variability, over the point of the shoulder may be due to differences in skin tension between these locations. Agerelated differences in skin elasticity between animals may explain, at least in part, the significant effect of age on skin tent duration seen in the current investigation and previously (Pritchard et al. 2006) . Both found that younger horses had shorter skin tent times than older ones, although the age brackets varied slightly between studies.
Validity of mucous membrane dryness and drinking behaviour
The novel quantitative and qualitative assessments of mucous membrane dryness made in the present study were not found to be valid measures of dehydration. Despite subjective assessment of gum dryness or tackiness being recommended in equine clinical publications as part of an assessment of dehydration (Hollis and Corley 2007 , Robinson 2003 , Rose and Hodgson 2000 , evidence from the current study did not support its reliability for this purpose. These findings may be due to other factors over-riding the effect of dehydration; for example, oral mucous membrane dryness could be decreased by drinking or increased by sympathetic stimulation during mouth handling. Alternative sites, such as vaginal and ocular mucous membranes, were investigated during preliminary testing and judged unsuitable for practical reasons, such as the high prevalence of ocular discharge in the working animal population (Pritchard et al. 2005) . The pattern of drinking behaviour illustrated in Figure 1 shows that animals appeared to quench their thirst immediately on being offered water and their intake remained low for the rest of the study period. This agrees with Butudom et al. (2003) who observed that following a 45-km endurance exercise test, horses drank as soon as water was offered and consumed the majority of their intake within 1 to 2 minutes. 
